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Mature MccJ25 assumes a highly unusual “threaded lasso” fold

Phe19 “lock” gy, o
TYr2o “lock”~ gd “Saacvele -8)

M e threaded segment {184‘:‘1)

..................
|||||||||||||||||

Gly1-Gilu8 uannec:tnr (9- 17}

backbﬂne-sidecham s
amide linkags

A lactam linkage bemman thﬁ frﬁt and the eighth MccJ25 amino acids
creates a small ring; the tail of the molecule passes through the ring and

is topologically trapped. As a result, MccJ25 is axtrameiyf stable: rt
wiﬂ'asianﬁﬁ autm:iavmg w:thaut Iausing ac‘tmty

Filgg. 3



U.S. Patent Oct. 28, 2008 Sheet 4 of 10 US 7.442.762 B2

F&ﬂﬁ polymerases r&gmmm m MMJES ham@r substitutions in

The location of ﬁubﬂiﬂzﬁﬁﬁs lmﬁmg tn Mmzs waiatamé {ra& and pm‘pI&} and stm&mmlﬂ mﬁﬁﬁing a:sf
Mcoed28 {gresn) inderaction with REAP suggests that the machanism of tmnm::ﬂptam inhibition by

Mocd28 consists of occlusion of RNAR secondary channel and ﬂmmtmﬂ of substrate traific tﬂ thﬁ'
anzyme’s catalytic conter {Wﬁﬂﬁ sphere on tha Iﬁﬁ pmwi}-

1 Fig. &
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Cells producing active
Mccl2S give clearance
Zones 1n top agar

RO A

A side view of a Petri dish containing {two
layers of agar. At the surface of the bottom
layer cells harboring mcj plasmids are spotted
and atlowed to grow overnight. The top layer
which contains a tester strain 1s then poured
over the bottom layer and development of
clearance zones 18 monitored.

The tesier strains used in the Hayer assay include §
wt, McocJd2b-sensitive k. colfy a4 mutant, MooJd2s-resistant
cells with substitutions at various positions of the RNA
polymerase secondary channel; #) BMccd25 resistant
ram-positive bacternia.
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High-—thmughput DNA sequencing

automated DNA sequencing
with 'mt._:j.ﬂ- -gpecific primers
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Bmlﬂgmaﬂy mactwe pmcessed Mch25 mutants are bemg tested for
their ability to inhibit E. cofi RNA polymerase in vitro. -

IMccJ25), g/ml 0 B3 1

' HHAPWT | HNAFTﬂBN  RHAPWT HNAPTﬂﬂ‘"

Camparisnn of wild- type MchZﬁ and MG(‘:J25 mutant (MccJ25Tk) which is
inactive in vivo. At the top, the grmwth of sensitive E. cofi cells in microtiter plate
wells containing the indicated concentratmns of Mccd25 is shown. At the bottom,
results of in wvitro transcnptmn by wgld-type RNAP and MccJ25-resistant F’.NAP
‘harboring the 3" T9311 mutation. in the absence or in the presence of increasing

EDHEEHU’EI’[IDI‘IS mf waid-type ar mutant MEBJZS are shown.

Fig. 10
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1

MUTATIONAL DERIVATIVES OF MICROCIN
J25

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to provisional application

No. 60/659,440, filed Mar. 9, 2003, the entire contents of
which are imcorporated herein by reference.

GOVERNMENT SUPPORT

This invention was supported with U.S. Government funds
(NIH RO1-GM64530). Therefore, the Government may have
rights in the invention.

BACKGROUND INFORMATION

Bacterial infections remain among the most common and
deadly causes of human disease. Infectious diseases are the
third leading cause of death 1n the United States and the
leading cause of death worldwide (Binder et al. (1999) Sci-
ence 284, 1311-1313). Multi-drug-resistant bacteria now
cause infections that pose a grave and growing threat to public
health. It has been shown that bacterial pathogens can acquire
resistance to first-line and even second-line antibiotics (Stuart
B. Levy, The Challenge of Antibiotic Resistance, 1n Scientific
American, 46-53 (March, 1998); Walsh, C. (2000) Nature
406, 775-781; Schluger, N. (2000) Int. J. Tuberculosis Lung
Disease 4, S71-875; Raviglione et al., (2001) Ann. NY Acad.
Sci. 953, 88-97). New approaches to drug development are
necessary to combat the ever-increasing number of antibiotic-
resistant pathogens. The present invention provides one such
approach.

RNA polymerase (RNAP) 1s the molecular machine
responsible for transcription and 1s the target, directly or

indirectly, of most regulation of gene expression (Ebright, R.
(2000) J. Mol. Biol. 304, 687-698; Darst, S. (2001) Curr.

Opin. Structl. Biol. 11, 155-162; Cramer, P. (2002) Curr.
Opin. Structl: Biol. 12, 89-97; Murakami & Darst (2003)
Curr. Opin. Structl. Biol. 13, 31-39; Borukhov & Nudler
(2003) Curr. Opin. Microbiol. 6, 93-100; Landick, R. (2001)
Cell 105, 567-5770; Korzheva & Mustaev (2001) Curr. Opin.
Microbiol. 4, 119-125; Armache, et al. (2005) Curr. Opin.
Structl. Biol. 15, 197-203; Woychik & Hampsey (2002); Cel/
108, 453-463; Asturias, F. (2004) Curr. Opin. GenetDev. 14,
121-129; Cramer, P. (2004) Curr. Opin. Genet. Dev. 14, 218-
226; Geiduschek & Kassayetis (2001) J. Mol Biol. 310,
1-26). Bacterial RNAP core enzyme has a molecular mass
ol ~380,000 Da and consists of one ' subunit, one {3 subunit,
two o subunits, and one ¢ subunit; bacterial RNAP holoen-
zyme has a molecular mass of ~450,000 Da and consists of

bacterial RNAP core enzyme 1n complex with the transcrip-
tion mitiation factor o (Ebright, R. (2000) J. Mol. Biol. 304,

687-698; Darst, S. (2001) Curr. Opin. Structl. Biol. 11, 155-
162; Cramer, P. (2002) Curr. Opin. Structl. Biol. 12, 89-97;
Murakami & Darst (2003) Curr. Opin. Structl. Biol. 13,
31-39; Borukhov & Nudler (2003) Curr. Opin. Microbiol. 6,
93-100). Bacterial RNAP core subunit sequences are con-

served across Gram-positive and Gram-negative bacterial
species (Ebright, R. (2000) J. Mol. Biol. 304, 687-698; Darst,

S. (2001) Curr. Opin. Structl. Biol. 11, 153-162; Iyer, et al.
(2004) Gene 335, 73-88). Eukaryotic RNAP I, RNAP II, and
RNAP III contain counterparts of all bacterial RNAP core
subunits, but eukaryotic-subunit sequences and bacterial-
subunit sequences exhibit only limited conservation (Ebright,

R. (2000) J. Mol. Biol. 304, 687-698; Darst, S. (2001) Curr.
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Opin. Structl. Biol. 11, 155-162; Cramer, P. (2002) Curr.
Opin. Structl. Biol. 12, 89-97).

Bacterial RNAP 1s a proven target for antibacterial therapy
(Chopra, et al. (2002) J. Appl. Microbiol. 92, 45-15S; Darst,
S. (2004) Trends Biochem. Sci. 29, 159-162). The suitability
of bacterial RNAP as a target for antibacterial therapy follows
from the fact that bacterial RNAP 1s an essential enzyme
(permitting efficacy), the fact that bacterial RNAP subunit
sequences are conserved (providing a basis for broad-spec-
trum activity), and the fact that bacterial RNAP subumnit
sequences are only weakly conserved in eukaryotic RNAP 1,
RNAP II, and RNAP III (providing a basis for therapeutic
selectivity).

The rifamycin antibacterial agents—mnotably rifampicin,
rifapentine, and rifabutin—tunction by binding to and inhib-
iting bacterial RNAP (Chopra, et al. (2002) J. Appl. Micro-
biol. 92, 45-158; Darst, S. (2004) Trends Biochem. Sci. 29,
159-162; Floss & Yu (2005) Chem. Rev. 103, 621-632; Camp-
bell, et al. (2001) Cell 104, 901-912; Artsimovitch, et al.
(2003) Cell 122, 351-363). The rifamycins bind to a site on
bacterial RNAP adjacent to the RNAP active center and steri-
cally and/or allosterically prevent extension of RNA chains
beyond a length of 2-3 nt (Chopra, et al. (2002) J. Appl.
Microbiol. 92,45-155; Darst, S. (2004) Trends Biochem. Sci.
29, 159-162; Floss & Yu (20035) Chem. Rev. 105, 621-632;
Campbell, et al. (2001) Cell 104, 901-912; Artsimovitch, et
al. (20035) Cell 122, 351-363). The rnifamycins are 1n current
clinical use 1n treatment of Gram-positive and Gram-negative
bactenal infections (Chopra, et al. (2002) J. Appl. Microbiol.
92, 45-15S; Darst, S. (2004) Trends Biochem. Sci. 29, 159-
162; Floss & Yu (2005) Chem. Rev. 105, 621-632; Campbell,
et al. (2001) Cell 104, 901-912; Artsimovitch, et al. (2005)
Cell 122, 351-363). The rifamycins are of particular impor-
tance 1n treatment of tuberculosis; the rifamycins are first-line
anti-tuberculosis agents and are the only anti-tuberculosis
agents able rapidly to clear infection and prevent relapse
(Mitchison, D. (2000) Int. J. Tuberc. Lung Dis. 4, 796-806).
The rifamycins also are of importance 1n treatment of bacte-
rial infections relevant to biowartfare or bioterrorism; combi-
nation therapy with ciprofloxacin, clindamycin, and rifampi-

cin was successful in treatment of inhalational anthrax
following the 2001 anthrax attacks (Mayer, et al. (2001)

JAMA 286, 2549-2553), and combination therapy with cipro-
floxacin and rifampicin, or doxycycline with rifampicin, 1s
recommended for treatment of future cases of inhalational
anthrax (Centers for Disease Control and Prevention (2001)
JAMA 286, 2226-2232).

The clinical utility of the rifamycin antibacterial agents 1s
threatened by the existence of bacternial strains resistant to

rifamycins (Chopra, et al. (2002) J. Appl. Microbiol. 92,
45-13S; Darst, S. (2004) Trends Biochem. Sci. 29, 159-162;
Floss & Yu (2005) Chem. Rev. 105, 621-632; Campbell, et al.
(2001) Cell 104, 901-912; Artsimovitch, et al. (2005) Cell
122, 351-363). Resistance to rifamycins typically mvolves
substitution of residues in or immediately adjacent to the
rifamycin binding site on bacterial RNAP—1.e., substitutions
that directly decrease binding or function of rifamycins. A
significant and increasing percentage of cases of tuberculosis
are resistant to rifampicin (1.4% of new cases, 8.7% of pre-

viously treated cases, and 100% of cases designated multi-
drug-resistant, 1 1999-2002; Schluger, N. (2000) Int. J.

Tuberc. Lung Dis. 4, S71-S875; Raviglione, et al. (2001) Ann.
N.Y Acad. Sci. 953, 88-97; Zumia, et al. (2001) Lancet Infect.
Dis. 1,199-202; Dye, et al. (2002) J. Infect. Dis. 185, 1197-
1202; WHO/IUATLD (2003) Anti-tuberculosis drug vesis-
tance in the world: third global report (WHO, Geneva)).
Strains of bacterial bioweapons agents resistant to rifampicin
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can be, and have been, constructed (Lebedeva, et al. (1991)
Antibiot. Khimioter. 36, 19-22; Pomerantsev, et al. (1993)

Antibiot. Khimioter. 38, 34-38; Volger, et al. (2002) Antimi-
crob. Agents Chemother. 46, 511-513; Marianelli, et al. (204)
J. Clin. Microbiol. 42, 5439-5443).

In view of the public-health threat posed by rifamycin-
resistant and multidrug-resistant bacterial infections, there 1s
an urgent need for new classes of antibacterial agents that (1)
target bacterial RNAP (and thus have the same biochemical
elfects as rifamycins), but that (11) target sites within bacterial
RNAP distinct from the rifamycin binding site (and thus do
not show cross-resistance with rifamycins). (See Chopra, et
al. (2002) J. Appl. Microbiol. 92, 45-13S; Darst, S (2004)
Tvends Biochem. Sci. 29, 159-162.)

Recently, crystallographic structures have been deter-
mined for bacterial RNAP and eukaryotic RNAP 11 (Zhang et
al., (1999) Cell 98, 811-824; Cramer et al., (2000) Science
288, 640-649; Naryshkin et al., (2000) Cell 101, 601-611;
Kim et al., (2000) Science 288, 1418-1421; Korzheva et al.,
(2000) Science 289, 619-625; Ebright, R. (2000) J. Mol. Biol.
304, 687-689; Cramer et al., (2001) Science 292, 1863-1876;
Gnatt et al., (2001) Science 292, 1876-1882; Mekler et al.,
(2002) Cell 108, 599-614; Murakami et al., (2002) Science
296, 1280-1284; Murakami et al., (2002) Science 296, 1285-
1290; Vassylyev et al., (2002) Nature 417,712-719; Bushnell
et al., (2004) Science 303, 983-988; Westover et al., (2004)
Science 303, 1014-1016; Armache, et al., (2003) Proc. Natl.
Acad. Sci. USA 100, 6964-6968). Moreover, cryo-EM struc-
tures have been determined for bacterial RNAP and eukary-
otic RNAP I (Opalka, et al. (2000) Proc. Natl. Acad. Sci. USA
97, 617-622; Darst, et al. (2002) Proc. Natl. Acad. Sci. USA
99, 4296-4301; DeCarlo, et al. (2003) J. Mol. Biol. 329,
891-902).

Structures also have been determined for RNAP complexes
with nucleic acids, nucleotides and inhibitors (Campbell, et

al. (2001) Cell 104, 901-912; Artsimovitch, et al. (2003) Cell
122,351-363; Campbell, et al. (2005) EMBO J. 24, 674-682;
Artsimovitch, et al. (2004) Cell 117, 299-310; Tuske, et al.
(2005) Cell 122, 541-522; Temiaov, et al. (2005) Mol. Cell.
19, 655-666; Vassulyev, et al. (2005) Nature Structl. Biol. 12,
1086-1093; Gnatt, et al. (2001) Science 292, 1876-1882;
Westover, etal. (2004a) Science 303, 1014-1016; Westover, et
al. (2004b) Cell 119, 481-489; Ketenberger, et al. (2004) Mol.
Cell. 16, 955-9635; Bushnell, et al. (2002) Proc. Natl. Acad.
Sci. U.S.A4. 99, 1218-1222; Kettenberger, et al. (2005) Natl.
Structl. Mol. Biol. 13, 44-48).

The structures reveal that RNAP—bacterial or eukary-
otic—has a shape reminmiscent of a crab claw. The two “pin-
cers” of the “claw” define the active-center cleft that can
accommodate a double-stranded nucleic acid-and which has
the active-center Mg>" at its base. The largest subunit (f' in
bacterial RNAP) makes up one pincer, termed the “clamp,”
and part of the base of the active-center cleft. The second-
largest subunit (3 in bacterial RNAP) makes up the other
pincer and part of the base of the active-center cleft.

Moreover, based on the structures, as well as biophysical
and biochemical results, models have been proposed for the

structures of transcription initiation and elongation com-
plexes (Gnatt et al., (2001) Science 292, 1876-1882; Ebright,

R. (2000) J. Mol. Biol. 304, 687-689; Naryshkin, etal., (2000)
Cell 101, 601-611); Kim et al., (2000) Science 288, 1418-
1421; Korzheva, et al., (2000) Science 289, 619-6235; and
Mekleret al., (2002) Cell 108:599-614). The models propose
that nucleic acids completely fill the active-center cleft of
RNAP, such that the only route by which mncoming nucleo-
side triphosphate substrates (NTPs) can access the active
center is through an approximately 25 A long, 10 A wide
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tunnel known as the “secondary channel” or “pore,” that bores
through the floor of the active-center cleft of RNAP opposite
the active-center cleft.

Microcin J25 (McclJ25) (SEQ ID NO:1) 1s a 21-amino acid
bactericidal peptide, which 1s produced by some strains of
intestinal bacterium £. coli. Mccl25 inhibits the growth of
Gram-negative bacteria by binding to RNA polymerase.
Mccl25 1s extremely stable and 1s potentially useful as an
antibacterial and decontamination agent. However, Gram-
negative bacteria can become resistant to Mccl25 due to
mutations that imntertere with Mccl25 uptake or due to muta-
tions 1n RNA polymerase genes. Moreover, Gram-positive
bactena are resistant to Mccl25, since the drug does not bind
to RNA polymerases from these organisms.

The RNA polymerase site interacting with Mccl25 was
previously defined by mapping Mccl25-resistance mutations
in RNAP (Yuzenkova, et al. (2002) J. Biol. Chem. 277,
50867-50875). The mutations mapped around the circumier-
ence of the RNAP secondary channel described above. These
results suggested that MccJ25 blocks the channel. This sug-
gestion was validated through biochemical, single-molecule,
and kinetic analyses (Adelman, et al. (2004) Mol. Cell. 16,
753-762). Moreover, 1t was previously determined that
mature Mccl25 assumes a highly unusual “threaded lasso™
structure (Wilson, et al. (2003) J. Am. Chem. Soc. 123,
12475-12483).

It would be desirable to provide further peptide antibiotics
capable of inhibiting bacterial cell growth by binding to RNA
polymerase. In particular, it would be desirable to provide
Mccl25 vanants with desired specificity toward target bacte-
ria.

SUMMARY OF THE INVENTION

Applicants have discovered analogs of Mccl25 that are
able to bind to bacterial RNAP, to inhibit bacterial RNAP, and
to inhibit bacterial growth with a potency at least equal to that
of mature Mccl25 (FIG. 1).

The present invention provides an analog of bacteriocidal
peptide microcin J25 (Mccl25) that (1) has an amino acid
sequence that differs from that of Mccl25 by having at least
one amino acid substitution; and (2) that inhibits bacterial cell
growth with a potency at least equal to that of Mccl25.

The present invention also provides a method of 1dentify-
ing at least one McclJ25 analog that inhibits growth of
Mccl25-sensitive cells. This method includes growing
Mccl235-sensitive cells 1n the presence of cells harboring a
plasmid containing an Mccl25 analog, the analog having an
amino acid sequence that differs from that of Mccl25 by
having at least one amino acid substitution; and observing the
presence or absence of cell growth mnhibition, wherein the
presence of cell growth inhibition 1ndicates the presence of
cells producing the Mccl25 analog that inhibits growth of
Mccl25-sensitive cells.

The mvention further provides a method of identifying at
least one Mccl25 analog that inhibits cell growth of Mccl25-
resistant cells. This method includes growing Mccl25-resis-
tant cells 1 the presence of cells harboring a plasmid con-
taining an McclJ25 analog, the analog having an amino acid
sequence that differs from that of Mccl25 by having at least
one amino acid substitution. The method also includes
observing the presence or absence of cell growth 1nhibition,
wherein the presence of cell growth 1nhibition indicates the
presence of cells producing the McclJ25 analog that mhibits
growth of Mccl25-resistant cells.

It 1s anticipated that compounds and methods of this inven-
tion would have applications not only 1n antibacterial therapy,
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but also 1n: (a) identification of bacterial RNAP (diagnostics,
environmental-monitoring, and sensors applications), (b)
labeling of bacterial RNAP (diagnostics, environmental-
monitoring, 1maging, and sensors applications), (¢) 1mmobi-
lization of bacterial RNAP (diagnostics, environmental-
monitoring, and sensors applications), (d) purification of
bacterial RNA polymerase (biotechnology applications), (e)
regulation of bacterial gene expression (biotechnology appli-
cations), and (1) antisepsis (antiseptics, disinfectants, and
advanced-materials applications).

These and other aspects of the present invention will be
better appreciated by reference to the following drawings and
Detailed Description

The file of this patent contains at least one drawing
executed 1n color. Copies of this patent with color drawing(s)
will be provided by the Patent and Trademark Ofifice upon
request and payment of the necessary fee.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates MccJ25 mutants, which are shown above
and below the Mccl25 wild-type sequence. Mutants above
the Mccl25 sequences are color-coded according to their
activity. Mutants below the Mccl25 sequence are mactive. As
shown 1n FIG. 1, each of the following Mccl25 analogs was
found to have an activity level greater than or equal to wild-
type MccJ25 (SEQIDNO:1): [Sery| MccJ25 (SEQ IDNO:2),
[Ile] Mccl25 (SEQ ID NO:3), [Phe,] Mccl25 (SEQ ID
NO:4), [Ala,,] MccJ25 (SEQ ID NO:35), [Trp,,] Mccl25
(SEQ ID NO:6), [Thr,,] Mccl25 (SEQ ID NO:7), [Ser,,]
Mccl]25 (SEQ ID NO:B), [Met,,] Mccl25 (SEQ ID NO:9),
[His,,] Mccl25 (SEQ ID NO:10), [Leu, ;] Mccl25 (SEQ ID
NO:11), [Ala, 5] Mccl25 (SEQ ID NO:12), [Asn, ;] Mccl25
(SEQ ID NO:13), [Arg, ;| Mccl25 (SEQ ID NO:14), [Pro,,]
Mccl25 (SEQ ID NO:135), [ Thr, 5] Mccl25 (SEQ ID NO:16),
[His, ;] MccJ25 (SEQ ID NO:17), [Val, ;] MccJ25 (SEQ ID
NO:18), [Met, ;] Mccl25 (SEQ ID NO:19), [Phe, 5] Mccl25
(SEQ ID NO:20), [Trp, ;] Mccl25 (SEQ ID NO:21), [Ser, ]
Mccl25 (SEQ ID NO:22), [ Thr,,] Mccl25 (SEQ ID NO:23),
[Phe, ] MccJ25 (SEQ ID NO:24), [Gly, <] Mccl25 (SEQ ID
NO:23), [Leu, <] Mccl25 (SEQ ID NO:26), [His, ] Mccl25
(SEQ ID NO:27), [Asn, <] Mccl25 (SEQ ID NO:28), [Ala, <]
Mccl25 (SEQ ID NO:29), [Ile, <] Mccl25 (SEQ ID NO:30),
[ Trp, <] Mccl25 (SEQ ID NO:31), [Met, <] Mccl25 (SEQ ID
NQO:32), [Gln, ] MccJ25 (SEQ ID NO:33), [Glu, ] Mccl25
(SEQ ID NO:34), [Val, -] Mccl25 (SEQ ID NO:35) and com-

binations thereof.

FI1G. 2 1llustrates a plasmid-borne mcy gene cluster encod-
ing Mccl25. The 58 amino acid long MccJ23 precursor McjA
(SEQ ID NO:36) 1s shown.

FIG. 3 1llustrates the “threaded lasso” structure of mature
Mccl25.

FIG. 4 1llustrates the location of McclJ23-resistant muta-
tions 1 RNA polymerase (red and purple) and structural

modeling of Mccl25 (green) interaction with RNA poly-
merase.

FIG. 5 1llustrates one embodiment of a biological test for
mutant mcjA activity.

FIG. 6 illustrates the procedure used for generation of
mcjA mutants.

FI1G. 7 1llustrates high-throughput DNA-sequencing of the
recombinants generated using the procedure in FIG. 6.

FIG. 8 illustrates screening of Mccl25 mutants by
MALDI-MS.

FI1G. 9 illustrates representative mass-spectra of wild-type
Mccl25 (SEQ ID NO:1) and Mccl25 mutants. The mutants
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shown are Y20F (SEQ ID NO:37) and Y20G (SEQ ID
NO:38), which are mactive, and 113A (SEQ ID NO:12),
which 1s active.

FIG. 10 1llustrates the comparison of 1n vitro transcription
results obtained with wild-type Mccl25 (SEQ 1D NO:1) and

a MccJ25 mutant (MccJ25"%; SEQ ID NO:39), which is inac-
tive 1n vivo.

DETAILED DESCRIPTION

The present invention provides specific inhibitors of bac-
tertal RNAP, the enzyme responsible for transcription. The
invention has applications in control of bacterial gene expres-
s10n, control of bacterial growth, antibacterial chemistry, and
antibacterial therapy.

As described above, Microcin J25 (Mccl25; SEQ ID
NO:1),1s a 21-amino acid bactenal peptide produced by some
strains of intestinal bacterium F£. Coli. It 1s known that
Mccl25 inhibits the growth of Gram-negative bacteria by
binding to RNA polymerase. Mccl25 1s extremely stable and
1s potentially useful as an antibacterial and decontamination
agent. However, Gram-negative bacteria can become resis-
tant to MccJ25 due to mutations that interfere with Mccl25
uptake or due to mutations in RNA polymerase genes. Gram-
positive bacteria, which mclude such important pathogens as
S. aureus and B. anthracis are resistant to wild-type Mccl25,
since the drug does not bind to RNA polymerases from these
organisms.

As shown 1n FI1G. 2, Mccl25 1s encoded by a plasmid-bormn
mc] gene cluster. The 58 amino acid long McclJ25 precursor
mcjA (SEQ ID NO:36) 1s processed by products of the mcijB
and mcjC genes to yield mature Mccl25. The product of the
mciD gene 1s a MccJ25 exporter.

As shown i FIG. 3, mature Mccl25 assumes a highly
unusual “threaded lasso” fold. As a result of the threaded
lasso structure, Mccl25 1s extremely stable.

Since Mccl25 1s nbosomally synthesized, Applicants
employed molecular genetic approaches in order to generate
multiple Mccl25 variants followed by direct selection of
Mccl25 denvatives with desired specificity towards target
bacteria. In order to increase the spectrum of McclJ25 anti-
bacterial action and 1ts usefulness, Applicants initiated sys-
tematic mutational analysis of the Mccl25 portion of the
mcjA gene coding for Mccl25 precursor. The goal was to
obtainall 399 (21 McclJ25 amino acid positionsx19 non-wild-
type amino acids per position) single substitutions of Mccl25
and to characterize their ability to assemble into the mature
threaded lasso structure, to mhibit cell growth, and to inhibit
transcription. Examples of these substitution mutants
include, but are not limited to, those shown 1n FIG. 1.

In order to characterize the activity of the substitution
mutants, Applicants performed biological tests for mutant
mc] activity. In particular, as described 1n the examples sec-
tion, Applicants assessed the ability of the mutants to inhibit
cell growth of Mccl25-sensitive cells. For example, cells
harboring a plasmid containing a MccJ25 mutant were spot-
ted on the surface of a bottom agar layer and allowed to grow
overnight. Thereafter, a lawn of MccJ235-sensitive cells 1n soft
agar was poured on top of the bottom agar layer, and cell
growth inhibition zones 1n the top agar layer were observed.
Applicants found that cells producing some Mccl25 mutants
produced growth inhibition zones that were larger than those
produced by control wild-type Mccl24-producing cells.
Other Mccl25 mutants produced inhibition zones that were
equal to or smaller than the wild-type Mccl25-producing
cells. Moreover, cells contaiming some other mutant mcjA
plasmids produced no inhibition zones. The lack of cell
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growth 1nhibition could be due to the absence of mature
Mccl25 production, failure of muant Mccl25 to enter £. Coll,
or to inhibit RNAP.

In order to differentiate between these possibilities, Appli-
cants performed micropurification of mutant McclJ25 fol-
lowed by mass spectral analysis (MALDI-MS) 1n order to
assess (1) mature Mccl25 production and (2) whether the
Mccl25 mutant matures 1into a threaded lasso structure char-
acteristic of mature McclJ23.

The results of the analyses of mutants available so far are
summarized in FIG. 1. With reference to FIG. 1, McclJ25

mutants are shown above and below the Mccl25 sequence
(SEQ ID NO:1) (single-letter amino acid code). Mutants
above the Mccl25 sequence are color-coded according to
their activity. Mutants below the Mccl25 sequence are 1nac-
tive. Active mutants color-coded 1n red had an activity level
greater than wild-type Mccl23; active mutants color-coded 1n
black had an activity level about equal to that of wild-type
Mccl25.

Accordingly, the present invention provides an analog of
bacteriocidal peptide microcin J25 (Mccl25) that (1) has an
amino acid sequence that differs from that of Mccl25 by
having at least one amino acid substitution; and (2 ) that inhib-
its bacterial cell growth with a potency at least equal to that of
Mccl25. The terms “analog” and “mutant” may be used inter-
changeably throughout the specification.

In some embodiments, the Mccl25 analog 1s selected from
the following: [Ser,] MccJ25 (SEQ ID NO:2), [Ile,] MccJ25

(SEQ ID NO:3), [Phes] Mccl25 (SEQ ID NO:4), [Ala,]
McclJ25 (SEQ ID NO:5), [Trp,,] MccJ25 (SEQ ID NO:6),
| Thr,,] MccJ25 (SEQ ID NO:7), [Ser,,] Mccl25 (SEQ ID
NO:R), [Met,,] Mccl25 (SEQ ID NO:9), [His,,] Mccl25
(SEQ ID NO:10), [Leu, 5] Mccl25 (SEQ ID NO:11), [Ala, 4]
Mccl25 (SEQ ID NO:12), [Asn, 3] Mccl25 (SEQID NO:13),
[Arg, ;] MccJ25 (SEQ ID NO:14), [Pro, ;] McclJ25 (SEQ ID
NO:135), [Thr, 5] Mccl25 (SEQ ID NO:16), [His, 5] Mccl25
(SEQ ID NO:17), [Val, ;] Mccl25 (SEQ ID NO:18), [Met, 4]
Mccl25 (SEQ ID NO:19), [Phe, ;] Mccl25 (SEQ ID NO:20),
[ Trp, 5] Mccl25 (SEQ ID NO:21), [Ser,,] Mccl25 (SEQ ID
NO:22), [Thr,,] Mccl25 (SEQ ID NO:23), [Phe, ] Mccl25
(SEQ ID NO:24), [Gly, <] Mccl25 (SEQ ID NO:25), [Leu, <]
McclJ25 (SEQ ID NO:26), [His, <] Mccl25 (SEQ ID NO:27),
[Asn, <] McclJ25 (SEQ ID NO:28), [Ala, ] Mccl25 (SEQ ID
NO:29), [Ile,<] Mccl25 (SEQ ID NO:30), [Trp, ] Mccl25
(SEQ ID NO:31), [Met, 5] McclJ25 (SEQ ID NO:32), [Gln, 4]
Mccl25 (SEQ ID NO:33), [Glu,~,] Mccl25 (SEQ ID NO:34),
[Val, -] Mccl25 (SEQ ID NO:35) and combinations thereof.
As shown in FIG. 1, each of these analogs was found to have
an activity level greater than or equal to wild-type Mccl25.

In some other embodiments, the analog 1s selected from the
following: [Leu, ;] Mccl25 (SEQID NO:11), [Ala, ;] Mccl25
(SEQ ID NO:12), [Asn, ;] Mccl25 (SEQ ID NO:13), [Arg, 5]
Mccl25 (SEQ ID NO:14), [Pro,3] Mccl25 (SEQ 1D NO:15),
[ Thr, ;] Mccl25 (SEQ ID NO:16) and [His, ;] Mccl25 (SEQ
ID NO:17). As shown 1n FIG. 1, each of these analogs was
found to have an activity level greater than wild-type Mccl25.

In some further embodiments, the analog 1s selected from
the following: [Phe,] Mccl25 (SEQ ID NO:24), [Gly,.]
McclJ25 (SEQ ID NO:25), [Leu, | Mccl25 (SEQ ID NO:26),
[His, <] McclI25 (SEQ ID NO:27), [Asn, 5| Mccl25 (SEQ ID
NO:28), [Ala, <] Mccl25 (SEQID NO:29)and [Ile, ] Mccl25
(SEQ ID NO:30). As shown in FIG. 1, each of these analogs

was found to have an activity level greater than wild-type
Mccl25.

An analog according to the present invention may include
a detectable group. In some embodiments, the detectable
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group 1s selected from chromophores, tluorophores, and cya-
nine dyes. The detectable group may be located at the site of
the amino acid substitution.

As described above, the RNA polymerase site interacting
with Mccl25 was previously defined by mapping Mccl25-
resistant mutations i RNA polymerase (Yuzenkova, et al.
(2002) J. Biol. Chem. 277, 50867-50875). With reference to
FIG. 4, the location of the substitutions leading to Mccl25
resistance (red and purple) and structural modeling of
Mccl25 (green) interaction with RNAP suggests that the
mechanism of transcription inhibition by Mccl25 consists of
occlusion of the RNAP secondary channel and prevention of
substrate traffic to the enzyme’s catalytic center (white sphere
on the left panel). This suggestion was validated, for example,
by experiments disclosed in copending, commonly owned
U.S. application Ser. No. 10/526,323, filed Feb. 28, 2003, the
entire contents of which are incorporated herein by reference.
In particular, U.S. application Ser. No. 10/526,323 discloses
that blocking the RNAP secondary channel with Mccl25
prevents uptake of NTPs by RNAP and thus inhibits tran-
scription. Active Mccl25 mutants provided herein may simi-
larly be predicted to occlude the RNAP secondary channel

and block access of substrates (e.g., NTPs) to the active center
of RNAP.

As described above, MccJ25 binds within the RNAP sec-

ondary channel. For example, as disclosed 1n U.S. application
Ser. No. 10/526,323, filed Feb. 28, 2005, the RNAP second-

ary channel contains a multi-residue determinant for function
of Mccl25. Obstruction of the RNAP secondary channel rep-
resents a novel mechanism of mhibition of RNAP. Obstruc-
tion of the RNAP secondary channel represents an exception-
ally attractive target for development of novel antibacterial
agents, including, but not limited to, those described herein,
as well as 1n copending, commonly-owned U.S. application
Ser. No. 10/526,323, filed Feb. 28, 2003. First, the RNAP
secondary channel 1s eminently “druggable,” presenting an
extended, encircling surface complementary to a range of
molecules—Ilike McclJ25 and the McclJ25 analogs provided
herein—that have molecular weights of 500-2,500 Da. Sec-
ond, the RNAP secondary channel exhibits distinct patterns
ol sequence conservation 1n bacterial RNAP and eukaryotic
RNAP, permitting identification of Mccl25 analogs that
inhibit bacterial RNAP but do not inhibit eukaryotic RNAP.
Third, the RNAP secondary channel 1s distinct from, and
well-separated from, the binding site of the RNAP inhibitor in
current use in antimicrobial therapy, rifampicin—permitting
identification of Mccl25 analogs that do not exhibit cross-
resistance with rifampicin.

The 1nvention provides analogs of Mccl25 that bind to
RNAP from a bacterial species. The mvention also provides
analogs of McclJ25 that inhibit an activity of RNAP from a
bacternial species. The invention also provides analogs of
Mccl25 that inhibit at least one of viability of a bacterium and
growth of a bacterium.

The invention also provides for use of an analog of MccJ25
having an activity level about equal to or greater than wild-
type Mccl25 to control bacterial gene expression.

The invention also provides for use of an analog of MccJ25
having an activity level about equal to or greater than wild-
type Mccl25 to control bacterial viability or bacterial growth.

The invention also provides for use of an analog of MccJ235
having an activity level about equal to or greater than wild-
type Mccl25 as an antibacterial agent.

One preferred aspect of the mvention provides for an ana-
log of Mccl25 having an activity level about equal to or
greater than wild-type McclJ25 that binds to RNAP from a
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bacterial species, but does not bind, or binds less well, to
RNAP from a mammalian species.

Another preferred aspect of the invention provides for an
analog of Mccl25 having an activity level about equal to or
greater than wild-type Mccl25 that inhibits biochemical
activity of RNAP (e.g., uptake of NTPs mediated by the
secondary channel) from a bacterial species, but does not
inhibit biochemical activity, or inhibits biochemical activity
less well, of RNAP from a mammalian species.

5

10

Another preferred aspect of the invention provides for an
analog of Mccl25 having an activity level about equal to or

greater than wild-type McclJ25 that inhibits viability or
growth of a bacterial species, but does not inhibit viability or
growth, or inhibits viability or growth less well, of a mam- 15
malian species.

Another preferred aspect of the invention provides for an
analog of Mccl25 having an activity level about equal to or
greater than wild-type McclJ25 that binds to and/or inhibits

RNAP from a broad spectrum of bacterial species. 20

Another preferred aspect of the invention provides for an
analog of Mccl25 having an activity level about equal to or
greater than wild-type McclJ25 that binds to and/or inhibits
RNAP from a broad spectrum of Gram-negative bacterial
species. In some embodiments, the Mccl25 analog may bind
to and/or inhibit RNAPs harboring secondary channel muta-
tions that lead to resistance to wild-type Mccl23.

25

Another preferred aspect of the invention provides for an
analog of Mccl25 that binds to and/or inhibits RNAP from a
broad spectrum of Gram-positive bacterial species. As
described above, wild-type Mccl25 does not bind to RNAP
from Gram-positive bacteria. However, it 1s well within the
contemplation of the present invention that one or more of the
Mccl25 analogs herein provided may be useful 1n this regard.

30

35
Another preferred aspect of the invention provides for an

analog of Mccl25 that binds to and/or inhibits RNAP from a
broad spectrum of both Gram-negative and Gram-positive
bacterial species.

The present invention further relates to a method for 1den- 40
tifying Mccl25 analogs that inhibit viability and/or growth of
a bacterium. In some embodiments, the Mccl25 analog binds
to a region within the RNAP secondary channel. In some
embodiments, the MccJ25 analog 1s selected from the follow-
ing: [Ser;|Mccl25 (SEQ ID NO:2), [Iles]Mccl25 (SEQ ID 45
NO:3), [Phe |Mccl25 (SEQID NO:4), [Ala, ;] Mccl25 (SEQ
ID NO:3S), [Trp,,] Mccl25 (SEQ ID NO:6), [Thr, ,] MccJ25
(SEQ ID NO:7), [Ser,,| Mccl25 (SEQ ID NO:R8), [Met,,]
Mccl25 (SEQ ID NO:9), [His,,] MccJ25 (SEQ ID NO:10),
[Leu, ;] Mccl25 (SEQ ID NO:11), [Ala,,] Mccl25 (SEQ ID 5o
NO:12), [Asn, ;] Mccl25 (SEQ ID NO:13), [Arg, ;] Mccl25
(SEQ ID NO:14), [Pro, ;] Mccl25 (SEQ ID NO:15), [Thr, 4]
Mccl25 (SEQ ID NO:16), [His, 5] Mccl25 (SEQ 1D NO:17),
[Val, ;] Mccl25 (SEQ ID NO:18), [Met, ;] MccJ25 (SEQ ID
NO:19), [Phe, ;] Mccl25 (SEQ ID NO:20) [Trp,3] Mccl25 55
(SEQ ID NO:21), [Ser,.,] Mccl25 (SEQ ID NO:22), [Thr, ]
Mccl25 (SEQ ID NO:23), [Phe, <] Mccl25 (SEQ ID NO:24),
|Gly, <] Mccl25 (SEQ ID NO:235), [Leu, | Mccl25 (SEQ ID
NO:26), [His, <] Mccl25 (SEQ ID NO:27), [Asn, <] Mccl25
(SEQ ID NO:28), [Ala, <] Mccl25 (SEQ ID NO:29), [Ile,s] 60
McclJ25 (SEQ ID NO:30), [Trp, ] Mccl25 (SEQ ID NO:31),
[Met, <] MccJ25 (SEQ ID NO:32), [Gln, ] Mccl25 (SEQ ID
NO:33), [Glu,,] Mccl25 (SEQ ID NO:34), [Val, ;] Mccl25
(SEQ ID NO:35) and combinations thereof. Each of these
analogs was found to inhibit viability and/or growth of a 65
bacterium and had an activity level about equal to or greater
than wild-type Mccl25.

10

Isolation of RNAP:

The bacterial RNAP, or bacterial RNAP derivative, can be
1solated from bacteria, produced by recombinant methods, or
produced through in vitro protein synthesis. Various com-
pounds can be introduced to determine whether a tested com-
pound (e.g., an analog of MccJ235) binds to, 1nhibits an activ-
ity of, or displaces a detectable-group-containing molecule
from, the bacterial RNAP or RNAP derivative 1n a secondary-
channel-target-dependent manner.

Assays can be performed 1n vitro or in vivo, and do not
necessarily require 1solation of bacterial RNAP or bacterial
RNAP derivative.

Test compounds can include peptides. Test compounds
alternatively, or 1n addition, can include non-peptide chemi-
cal compounds.

Assay Components:

The bacterial RNAP, or RNAP fragment or dervative, con-
taining the secondary channel, and an inhibitory compound
specific to the secondary channel of RNAP (e.g., Mccl25 or
an analog thereot), which are binding partners used as com-
ponents 1n the assay, may be derived from natural sources
(e.g., punified from bacterial RNAP using protein separation
techniques well known 1n the art); produced by recombinant
DNA technology using techniques known 1n the art (see, e.g.,
Sambrook et al., 1989, Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratories Press, Cold Spring
Harbor, N.Y.); and/or chemically synthesized in whole or 1n
part using techniques known 1n the art (see, e.g., Creighton,
1983, Proteins: Structures and Molecular Principles, W.H.
Freeman & Co., N.Y., pp. 50-60).

Where recombinant DNA technology 1s used to produce
the bacterial RNAP, RNAP fragment, or dertvative containing,
the secondary channel and Mccl25 (or MccJ25 analog) bind-
ing partner, 1t may be advantageous to engineer fusion pro-
teins that can facilitate labeling, immobilization and/or detec-
tion. For example, the coding sequence of a bacterial RNAP
secondary channel can be fused to that of a heterologous
protein that has enzyme activity or serves as an enzyme sub-
strate 1n order to facilitate labeling and detection. The fusion
constructs should be designed so that the heterologous com-
ponent of the fusion product does not interfere with binding of
the bacterial RNAP secondary channel region and an 1nhibi-
tory compound specific to the secondary channel region of
RNAP (e.g., Mccl25 or an analog thereot).

For a binding assay, one of the binding partners used 1n the
assay system may be labeled, either directly or indirectly, to
tacilitate detection of a complex formed between the bacterial
RINAP secondary channel region and an inhibitory compound
specific to the secondary channel of RNAP. Any of a variety of
suitable labeling systems may be used including, but not
limited to, radioisotopes such as '*I; enzyme labeling sys-
tems that generate a detectable calorimetric signal or light
when exposed to substrate; and fluorescent labels.

Fluorescent LLabels are Preterred.

Indirect labeling 1nvolves the use of a third protein, such as
a labeled antibody, which specifically binds to an entity con-
taining a secondary channel-region target. Such antibodies
include, but are not limited to, polyclonal, monoclonal, chi-
meric, humamzed, single chain, Fab fragments and fragments
produced by an Fab expression library.

For the production of antibodies, various host animals may
be immunized by injection with at least one segment of an
entity containing a secondary channel-region target. Such
host amimals may include, but are not limited to, rabbits, mice,
and rats, to name but a few. Various adjuvants may be used to
increase the immunological response, depending on the host
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species, including but not limited to Freund’s (complete and
incomplete), mineral gels such as aluminum hydroxide, sur-
face active substances such as lysolecithin, pluronic polyols,
polyanions, peptides, o1l emulsions, kevhole limpet
hemocyanin, dinitrophenol, and potentially useful human
adjuvants such as BCG (bacille Calmette-Guerin) and
Corynebacterium parvum.

Monoclonal antibodies may be prepared by using any tech-
nique that provides for the production of antibody molecules
by continuous cell lines 1n culture. These include, but are not

limited to, the hybridoma technique originally described by
Kohler and Milstein, (1975) Nature 256:495-497), the human

B-cell hybridoma technique (Kosbor et al. (1983) Immunol-
ogyv Today, 4.72, Cote et al. (1983) Proc. Natl. Acad. Sci.,
80:2026-2030) and the EBV-hybridoma technique (Cole et
al., 1985, Monoclonal Antibodies and Cancer Therapy, Alan
R. Liss, Inc.,pp. 77-96). In addition, techniques developed for

the production of “chimeric antibodies” (Morrison et al.
(1984) Proc. Natl. Acad. Sci., 81:6851-68535; Neuberger et al.

(1984) Nature, 312:604-608; Takeda et al. (1985) Nature,
314:452-454) by splicing the genes from a mouse antibody
molecule of approprniate antigen specificity together with
genes from a human antibody molecule of appropriate bio-
logical activity. Alternatively, techniques described for the
production of single-chain antibodies (e.g., U.S. Pat. No.
4.946,778) can be adapted to produce single-chain antibodies
specific to the bacterial RNAP secondary channel.

Antibody fragments that recognize specific epitopes may
be generated by known techniques. For example, such frag-
ments include, but are not limited to: the F(ab'), fragments
which can be produced by pepsin digestion of the antibody
molecule and the Fab fragments which can be generated by
reducing the disulfide bridges of the F(ab'), tfragments. Alter-
natively, Fab expression libraries may be constructed (Huse et
al. (1989) Science, 246:12°75-1281) to allow rapid and easy
identification of monoclonal Fab fragments with the desired
specificity.

Binding Assays:

Binding assays can be conducted in a heterogeneous or
homogeneous format. A heterogeneous assay 1s an assay in
which reaction results are monitored by separating and
detecting at least one component during or following reac-
tion. A homogeneous assay 1s an assay in which reaction
results are monitored without separation ol components.

In either approach, the order of addition of reactants can be
varied to obtain different information about the compounds
being tested.

In one example of a heterogeneous binding assay system,
one binding partner—e.g., either an enftity containing a
RNAP secondary channel or a compound specific to the
RNAP secondary channel (e.g., Mccl25 or an analog
thereol)—i1s anchored onto a solid surface, and the other
binding partner, which 1s not anchored, 1s labeled, either
directly or indirectly. In practice, microtiter plates are conve-
niently utilized. The anchored species may be immobilized
by non-covalent or covalent attachments. Alternatively, an
immobilized antibody specific for the bacterial RNAP sec-
ondary channel may be used to anchor the bacterial RNAP
secondary channel to the solid surface. The surfaces may be
prepared 1n advance and stored. In order to conduct the assay,
the non-immobilized binding partner 1s added to the coated
surface with or without the test compound. After the reaction
1s complete, unreacted components are removed (e.g., by
washing) and any complexes formed will remain 1mmobi-
lized on the solid surface. The detection of complexes
anchored on the solid surface can be accomplished 1n a num-
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ber of ways. Where the binding partner was pre-labeled, the
detection of label immobilized on the surface indicates that
complexes were formed. Where the binding partner 1s not
pre-labeled, an indirect label can be used to detect complexes
anchored on the surface; e.g., using a labeled antibody spe-
cific for the binding partner (the antibody, 1n turn, may be
directly labeled or indirectly labeled with a labeled anti-Ig
antibody). Depending upon the order of addition of reaction
components, test compounds which inhibit complex forma-
tion or which disrupt preformed complexes can be detected.

In a preferred embodiment of the invention, a homoge-
neous binding assay 1s used. In one preferred embodiment of
the invention, involving use of a homogeneous binding assay,
a preformed complex of the bacterial RNAP secondary chan-
nel and a compound that binds to the RNAP secondary chan-
nel 1s prepared (e.g., MccJ25 or an analog thereot), 1n which
at least one of the binding partners contains a detectable group
having that exhibits a difference 1n a detectable property in the
complex state and 1n the free state (see, e.g., U.S. Pat. No.
4,109,496); the addition of a test compound that competes
with, and displaces, one of the binding partners from the
preformed complex results 1n a change 1n a detectable prop-
erties of the detectable group, permitting identification of test
substances able to bind to the secondary channel-region tar-
get.

One aspect of the invention provides fluorescence reso-
nance energy transier (FRET)-based homogeneous assays
(Forster (1948) Ann. Physik. (Leipzig) 2, 55-75; reviewed 1n
Lilley and Wilson (2000) Curr. Opin. Chem. Biol. 4, 507-517;
Selvin, P (2000) Nature Structl. Biol. 7, 730-734; Mukho-
padhyay et al., 2001 Cell 106, 453-463; Mekler, et al. (2002)
Cell 108, 599-614; Mukhopadhyay, et al. (2004) Mol. Cell.
14,7739-751). FRET occurs 1n a system having a first fluores-
cent probe serving as a donor and a second fluorescent probe
or chhomophore serving as an acceptor, where the emission
wavelength of the donor overlaps the excitation wavelength
ol the acceptor. In such a system, upon excitation of the donor
with light of 1ts excitation wavelength, energy can be trans-
terred from the donor to the acceptor, resulting in excitation
of the acceptor and omission at the acceptor’s emission wave-
length. With commonly used fluorescent probes, FRET per-
mits accurate determination of distances 1n the range of ~20
to ~100 A. FRET permits accurate determination of distances
up to more than one-half the diameter of a transcription com-
plex (diameter ~150 A; see Zhang et al. 1999; Cramer et al.
(2001) Science 292, 1863-1876; Gnatt et al. (2001) Science
292, 1876-1882).

A preferred assay involves monitoring of FRET between:
a) one ol a fluorescent probe or a chromophore present 1n a
bacterial RNAP, and b) one of a fluorescent probe or a chro-
mophore present 1n a small molecule that binds to the RNAP
secondary channel (e.g., MccJ25 or an analog thereot).

An especially preferred assay involves momnitoring of
FRET between: a) one of a fluorescent probe or a chro-
mophore present 1n a bacterial RNAP, and b) one of a fluo-
rescent probe or a chromophore present in an McclJ25 analog
according to the present invention.

Activity Assays:

In a particular embodiment, the effect of a test compound
on an activity ol a bacterial RNAP, or a fragment thereot, 1s
determined (e1ther independently of, or subsequent to, a bind-
ing assay as exemplified above). In one such embodiment, the
extent or rate of the DNA-dependent RNA synthesis 1s deter-
mined. For such assays, a labeled nucleotide can be used. The
assay can include the withdrawal of aliquots from the 1ncu-
bation mixture at defined intervals and subsequent analysis.
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Alternatively, the assay can be performed using a real-time
assay (e.g., with a fluorescently labeled nucleotide or with a
fluorescent probe for RNA).

One assay for RNAP activity 1s a modification of the
method of Burgess etal. (J. Biol. Chem., 244:6160 (1969); see
http://www.worthington-biochem.com/manual/R/
RNAP.html). One unit incorporates one nanomole of UMP
into acid msoluble products 1n 10 minutes at 37° C. under the
assay conditions such as those listed below. The suggested

assay conditions are: (a) 0.04 M Tris-HCI, pH 7.9, containing
0.01 M MgCl,, 0.15 M KCl, and 0.5 mg/ml BSA; (b) nucleo-

side triphosphates (NTP): 0.15 mM each of ATP, CTP, GTP,
UTP; spiked with “H-UTP 75000-150000 cpms/0.1 ml; (c)
0.15 mg/ml calf thymus DNA; (d) 10% cold perchloric acid;
and (e) 1% cold perchloric acid. A starting enzyme concen-
tration of 0.1-0.5 units of RNAP 1n 5 ul-10 ul are used as the
starting enzyme concentration.

The procedure 1s to add 0.1 ml Tris-HCI, 0.1 ml NTP and
0.1 ml DNA to a test tube for each sample or blank. At time
zero, enzyme (or buifer for blank) 1s added to each test tube,
and the contents are then mixed and incubated at37° C. for 10
minutes. 1 ml of 10% perchloric acid 1s added to the tubes to
stop the reaction. The acid insoluble products can be collected
by vacuum filtration through Millipore filter discs having a
pore size ol 0.45 u-10 u (or equivalent). The filters are then
washed four times with 1% cold perchloric acid using 1 ml-3
ml for each wash. These filters are then placed 1n scintillation
vials. Two ml of methyl cellosolve are added to the scintilla-
tion vials to dissolve the filters. When the filters are com-
pletely dissolved (after about five minutes) 10 ml of scintil-
lation fluid are added and the wvials are counted 1n a
scintillation counter.

Additional assays for analysis of RNAP activity contem-
plated by the present invention include fluorescence-detected
abortive initiation assays, tluorescence-detected transcription
assays, and molecular-beacon-based transcription assays. An
especially preferred assay 1s the fluorescence-detected abor-
tive mnitiation assay (see Example 4).

In assays of RNAP activity, different orders of addition of
components may be employed. In preferred embodiments, an
order of addition 1s employed 1n which RNAP or RNAP
derivative 1s pre-incubated with the test compound—atiord-

ing time and opportunity for formation of a complex between
RINAP or RNAP derivative and the test compound—belore
RINAP 1s incubated with DNA.

Antibacterial Assays:

Methods of testing a compound for antibacterial activity in
cultures are well known 1n the art, and can include standard
assays ol mimmum inhibitory concentration (MIC; and of
mimmum bacteriocidal concentration (MBC). An especially
preferred assay 1s the biological test described 1n Example 2.

With reference to FIG. 5 and Example 2, a method of
testing an Mccl25 analog for antibacterial activity can
include spotting cells harboring a plasmid containing an
Mccl25 mutant on the surface of a bottom agar layer in a petri
dish and allowing these cells to grow overnight. Thereafter, a
lawn of McclJ23-sensitive cells 1 soft agar may be poured on
top of the bottom agar layer, and cell growth 1nhibition zones
in the solidified top agar layer may be observed.

Animal Model Assays:

Inhibitors of bacterial RNAP identified by the processes of
the present ivention can be assayed in amimal experiments.
The ability of an inhibitor to control bacterial infection can be
assayed 1n animal models that are natural hosts for the bac-
terial species of interest. Such animal models may mvolve
mamimals, such as rodents, dogs, pigs, horses, and primates.
Such animal models can be used to determine the LD, and
the ED., mn animal subjects, and such data can be used to
derive the therapeutic index for the inhibitor. In animal mod-
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els, test compounds can be administered by a variety of routes
including topical, oral, subcutaneous, and intraperitoneal
routes, depending on the proposed use. Generally, at least two
groups of animals are used 1n the assay, with at least one group
being a control group, which 1s administered the administra-
tion vehicle without the test compound.

Pharmaceutical Preparations and Methods of Admuinistration:

Identified compounds that inhibit bacterial replication can
be admimistered to a patient at therapeutically effective doses
to treat bacterial infection. A therapeutically effective dose
refers to that amount of the compound sufficient to result in
amelioration of symptoms of bacterial infection.

Toxicity and therapeutic eflicacy of such compounds can
be determined by standard pharmaceutical procedures 1n cell
cultures or experimental animals for determining the LD,
(the dose lethal to 50% of the population) and the ED ., (the
dose therapeutically effective in 50% of the population). The
dose ratio between toxic and therapeutic eflects 1s the thera-
peutic index and 1t can be expressed as the ratio LD, /ED.,.
Compounds that exhibit large therapeutic indices are pre-
terred. While compounds that exhibit toxic side effects may
be used, care should be taken to design a delivery system that
targets such compounds to the site of infection 1n order to
minimize damage to uninfected cells and reduce side efl

eCts.

The data obtained from the cell culture assays and animal
studies can be used 1n formulating a range of dosage for use 1n
humans. The dosage of such compounds lies preferably
within a range of circulating concentrations that include the
ED_ with little or no toxicity. The dosage may vary within this
range depending upon the dosage form employed and the
route of administration utilized. For any compound used in
the method of the invention, the therapeutically effective dose
can be estimated mitially from cell culture assays. A dose may
be formulated 1n animal models to achieve a circulating
plasma concentration range that includes the 1C., (i.e., the
concentration of the test compound which achieves a hali-
maximal infection, or a half-maximal ihibition) as deter-
mined 1n cell culture. Such information can be used to more
accurately determine useful doses 1n humans. Levels 1n
plasma may be measured, for example, by high performance
liquid chromatography.

Pharmaceutical compositions for use in accordance with
the present invention may be formulated 1n conventional
manner using one or more physiologically acceptable carriers
or excipients.

Thus, the compounds and their physiologically acceptable
salts and solvates may be formulated for administration by
inhalation or insuitlation (either through the mouth or the
nose) or oral, buccal, parenteral or rectal administration.

For admimistration by inhalation, the compounds for use
according to the present invention are conveniently delivered
in the form of an aerosol spray presentation from pressurized
packs or a nebuliser, with the use of a suitable propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlo-
rotetratluoroethane, carbon dioxide or other suitable gas. In
the case of a pressurized aerosol, the dosage unit may be
determined by providing a valve to deliver a metered amount.
Capsules and cartridges of e.g. gelatin for use 1n an inhaler or
insuitlator may be formulated containing a powder mix of the
compound and a suitable powder base such as lactose or
starch.

For oral administration, the pharmaceutical compositions
may take the form of, for example, tablets or capsules pre-
pared by conventional means with pharmaceutically accept-
able excipients such as binding agents (e.g., pregelatinised
maize starch, polyvinylpyrrolidone or hydroxypropyl meth-
ylcellulose); fillers (e.g., lactose, microcrystalline cellulose
or calcium hydrogen phosphate); lubricants (e.g., magnesium
stearate, talc or silica); disintegrants (e.g., potato starch or
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sodium starch glycollate); or wetting agents (e.g., sodium
lauryl sulphate). The tablets may be coated by methods well
known 1n the art. Liquid preparations for oral administration
may take the form of, for example, solutions, syrups or sus-
pensions, or they may be presented as a dry product for
constitution with water or other suitable vehicle before use.
Such liquid preparations may be prepared by conventional
means with pharmaceutically acceptable additives such as
suspending agents (e.g., sorbitol syrup, cellulose dertvatives
or hydrogenated edible fats); emulsitying agents (e.g., leci-
thin or acacia); non-aqueous vehicles (e.g., almond o1l, o1ly
esters, ethyl alcohol or fractionated vegetable o1ls); and pre-
servatives (e.g., methyl or propyl-p-hydroxybenzoates or sor-
bic acid). The preparations may also contain buifer salts,
flavoring, coloring and sweetening agents as appropriate.

The present mvention 1s not to be limited 1n scope by the
specific embodiments describe herein. Indeed, various modi-
fications of the invention i addition to those described herein
will become apparent to those skilled 1in the art from the
foregoing description and the accompanying figures. Such
modifications are intended to fall within the scope of the
appended claims.

EXAMPLES

Example 1

Generation of mcJA Mutants and High-Throughput
Screening

Systematic mutational analysis of the Mccl25 portion of
the mcjA gene coding for the MccJ23 precursor was 1nitiated.
The goal was to obtain all 399 (21 Mccl25 amino acid posi-
tionsx19 non-wild-type amino acids per position) single sub-
stitutions of McclJ25 and to characterize their ability to
assemble 1nto the mature threaded lasso structure (FIG. 3), to
inhibit cell growth, and to mhibit transcription. Degenerate
DNA oligonucleotides were used to randomize each of the 21
Mccl25 codons of mcjA cloned on a plasmid that also con-
tained genes coding for Mccl25 maturation enzymes
(mcjBC) and the immunity pump (mcjD). In order to obtain
the Mccl25 mutants (analogs) herein described, Stratagene’s
QuikChange Site-Directed Mutagenesis kit was used. Strat-
agene’s QuikChange Site Directed Mutagenesis Kit 1s a sim-
plified method to perform point mutations, change amino
acids or delete/insert amino acids using a thermal cycling
technique 1n combination with Dpn I digestion.

The procedure began with the mcjA gene of interest 1n a
double strand vector, purified using a plasmid-prep kit (For
example, from Qiagen). Two primers, both containing the
desired mutation, covered the area where the mutation was to
be made. A detailed set of instructions were contained 1n the
manufacturer’s protocol for primer design and were fol-
lowed. In general, the desired mutation was kept towards the
middle of the primer and the primers were purified by FPLC
or PAGE when ordering.

With reference to FIG. 6, a series of different concentra-
tions of the mcj plasmid (Cm™) (dsDNA) (for example, 5, 10,
20 and 50 ng) was prepared to which the various components
of the kit were added, including the primers at 125 ng/reac-
tion. Lastly, 1 ul of PfuTurbo DNA polymerase was added
and the reaction mixture was cycled 1n a PCR thermal cycler.
The number of cycles depends on the procedure (e.g. 12
cycles for apoint mutation; 16 for a single amino acid change,
etc.). After this step, the reaction was cooled below 37° C. and
1 ul of Dpn I restriction enzyme was added to each reaction
and incubated at 37° C. for 1 hr. This step 1s the key feature to
the QuikChange kit, as Dpn I enzyme 1s specific to methy-
lated and hemi-methylated DNA. As such, Dpnl digests the
parental DNA template but does not digest the mutant-syn-
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thesized DNA. As most E. coli strains produce methylated
DNA, they are not resistant to Dpn I digestion. Undigested
DNA was then used to transform DHS5 o competent cells, and
directly sequenced via high-throughput DNA sequencing
using procedures well-known in the art. DHS a cells are
available, for example, from Invitrogen (Carlsbad, Calif.),
which provides a protocol for transforming these cells. The
cells were plated onto Cm agar plates for selection of the
recombinants. Thereafter, high-throughput DNA sequencin

of the recombinants was performed by Fidelity Systems, Inc.

(Gaitthersburg, Md.) according to the general procedure
shown 1n FIG. 7.

Example 2
Biological Test for Mutant mcjA Activity

In the present example, the ability of an Mccl25 analog
(mutant from Example 1) to inhibit growth of Mccl235-sensi-
tive cells was assessed. It 1s noted that a stmilar procedure
may be used with Mccl25-resistant cells, such as Gram-

positive cells or cells that harbor mutations of the RNA poly-
merase secondary channel.

The Mccl25-sensitive cells may be D21T2TolC cells car-
rying a pRL663 plasmid, or other Mccl25-sensitive cells.
Other suitable Mccl25-sensitive cells include, but are not
limited to, DH10 P carrying a pRL663 plasmid or DHS5 a cells
carrying a pRL663 plasmid, which showed about the same
level of sensitivity to McclJ25 as D21T2TolC, and were less
temperature-sensitive.

Initially, LB broth including 200 ug/ml cloramphenicol
was 1oculated with cells (usually DHS5 a cells) carrying a
plasmid that produces a mutant MccJ25 from Example 1. The
cultures were grown overmght at 37° C. These cultures were
then spotted (2 ul) on an LB agar plate, which contained no
antibiotic. The spots grew overnight (about 10 hours or more).
Thereaiter, the aforementioned Mccl25-sensitive cells (usu-
ally DHS5 «. cells carrying a pRL663 plasmid) were mixed
with soit LB agar, and the mixture was poured over the grown
spots. After incubation for about 5-8 hours at 37° C., cell
growth inhibition zones could be seen.

For example, FIG. 5 shows a side view of a Petri dish
containing two layers of agar. At the top surface of the bottom
layer, cells harboring mutant MccJ25 are spotted and allowed
to grow overnight, and the top layer contains the tester strain.
Although the tester strain used 1n this example corresponds to
wild-type, Mccl23-sensitive E. coli, other tester strains may
be used, such as mutant, MccJ25-resistant cells with substi-
tutions at various positions ol the RNA polymerase secondary
channel or Mccl25-resistant Gram-positive bacteria. The
presence of a cell growth 1nhibition zone indicates the pres-
ence 1n the zone of cells producing an Mccl25 analog that
inhibits growth of the tester cells (for e.g., the MccJ25-sen-
sitive cells). As shown 1n FIG. 5, a cell growth inhibition zone
corresponds to a clearance zone 1n the top agar layer which 1s
located 1n an area including cells that produce an active

Mccl25 analog.

As shown in FIG. §, cells producing some Mccl25 mutants
produced growth 1inhibition zones that were larger than those
produced by wild-type McclJ235 cells, others produced zones
that were equal to or smaller than the wild-type Mccl25-
producing cells. Cells contaiming some mutant mcjA plas-
mids produced no inhibition zones. This can be due to the
absence of mature MccJ25 production, failure of mutant
Mccl25 to enter E. coli, or to inhibit RNA polymerase. In
order to differentiate between these possibilities, Applicants
performed the procedures described i Examples 3 and 4
below.
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Example 3

Micropurification of McclJ25 Analogs and Screening
of Purified MccJ25 Analogs by Mass Spectrometry
(MALDI-MS)

In the present example, Applicants performed micropuri-
fication of mutant McclJ25 (i.e., the Mccl25 analogs) fol-
lowed by mass spectral analysis to assess (1) mature Mccl25
analog production and (2) whether the Mccl25 analog
matures mto a threaded lasso structure characteristic of
mature Mccl25. Wild-type Mccl25 was used as a control.
With reference to FIG. 8, the MALDI-MS analysis used in the
present example consists of two steps: sample preparation
and mass spectral analysis. This 1s described in further detail
below.

Applicants micropurified mutant McclJ25 or wild-type
Mccl25 (control) from about 200 ul of cultured medium
using C,, ZipTips (Millipore Corporation). In particular,
mutants (or control wt) were grown 1n overnight cultures at
37° C. 1n M9 media with 0.1% TFA. The overnight cultures
were then centrifuged, and the supernatant was used for
mutant MccJ25 purification using the C,  ZipTips. The Zip-
Tip was wetted with Solution A (AcOH 0.1%, Acetonitrile
95%) two times, using 10 ul each time. Then, the ZipTip was
wetted with Solution B (0.1% AcOH) three times, using 10 ul
cach time. After the ZipTip had been wetted with Solution A
and B as described, 100 ul of the supernatant including 0.1%
Acetic Acid (AcOH) were added to the top of the ZipTip in
aliquots of 10 ul. The ZipTip was then washed three times, 10
ul each time, with Solution A, and the Mccl235 mutant peptide
was eluted with 5 ul of Solution C (50% Acetonitrile, 0.1%
AcOH).

For the mass spectral analysis, 1 ul of the mutant Mccl235
sample prepared as described above was mixed with 1 ul of
alpha-cyano-4-hydroxycinnamic acid. Then, 1 ul of the mix-
ture was placed on a standard 100 spot plate. The mass spec-
tral analysis was carried out on a Voyager-DE PRO Biospec-
trometry workstation. Representative mass-spectra are
shown 1n FIG. 9, which shows mass spectra of the wild-type
Mccl25 (SEQ ID NO:1), as well as mutants of Mccl25. The
representative mutants shown include Ilel3Ala (I113A),
which 1s processed to yield a mature peptide and is active.
This mutant 1s also referred to herein as [Ala, ; |Mccl25 (SEQ
ID NO:12). Also shown 1s Tyr20Phe (Y20F) (SEQ ID
NO:37), which 1s processed to yield a mature peptide, but 1s
iactive. Further shown 1s Tyr20Gly (Y20G) (SEQ ID
NO:38), which 1s not processed 1into a mature peptide, and 1s
inactive. Other representative mutants are shown in FIG. 1,
some of which are processed into mature peptide, and have an
activity level at least equal to or greater than wild-type mature
Mccl25. These correspond to the black or red coded mutants,
respectively, which appear above the Mccl235 wt sequence in

FIG. 1.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 39
<210>
<211l>
<212>
<213>
<220>

<223>

SEQ ID NO 1

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sedquence
FEATURE :

OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 1
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Example 4

High-Throughput Transcription Assays

High-throughput transcription assays were performed by

an adaptation of the fluorescence-detected-abortive-initiation
assay method of Mukhopadhyay et al. 2004 (Mukhopadhyay,

1., Sineva, E., Knight, J., Levy, R., and Ebright, R. (2004)
Antibacterial peptide microcin J25 (Mccl25) mhibits tran-

scription by binding within and obstructing the RNA poly-
merase secondary channel. Mol. Cell. 14, 739-731).

In particular, Assays were performed in Fluotrac-200
black, flat-bottom-well 96-well plates (Gremner Bio-One,
Inc.). To each well, was added, successively, 43 ul culture
supernatant (or 43 ul unmodified culture medium), 1 ul 5 uM

Escherichia coli RNA polymerase holoenzyme (Epicentre,
Inc.), 1 ul 1 uM DNA fragment lacUV5-12 (Mukhopadhyay,

et al. (2001) Cell 106, 453-463), 1 ul 1 M Tris-HC1 (pH 8.0),
and 0.5 ul 1 M Mg(Cl,. Following 15 min at 37° C., 0.5 ul 1
mg/ml heparin (Sigma, Inc.) and 0.5 pl 2.5 mM (y-AmNS)
UTP (Molecular Probes, Inc.) were added. Following a fur-
ther 2 min at 37° C., RNA synthesis was 1nitiated by addition
of 2.5 ul 10 mM A_A (Sigma, Inc.), and fluorescence emis-
s10n intensity was momtored for 15 min at 37° C. [excitation
wavelength=340 nm; emission wavelength=>530 nm; excita-
tion and emission band widths=20 nm; GENios Pro multi-
mode scanner (TECAN)]. The quantity of UMP incorporated
into RNA was determined from the quantity of (y-AmNS)
UTP consumed, which, 1n turn, was calculated as:

(Y _A mNS) UTPCEJHS FE L E"ff: [
(12.4xF )

(Y-AmNS)UTP)(F ~F )/
(1)

where (yv-AmNS)UTP,, 1s the quantity of (yv-AmNS)UTP at
time 0, F, 1s the fluorescence emission intensity at time 0, and
F_ 1s the fluorescence emission intensity at time t. Quantities
of UMP 1incorporated were compared for reaction mixtures
containing culture supernatants and for control reaction mix-
tures containing unmodified culture medium.

FIG. 10 shows the comparison of transcription results
obtained with wild-type Mccl25 (SEQ ID NO:1) and a

MccJ25 mutant (MccJ25'"; SEQ ID NO:39), which is inac-
tive 1n vivo. At the top of FIG. 10, the growth of sensitive L.
coli cells 1n microtiter plate wells containing the indicated
concentrations of MccJ25 1s shown. At the bottom of FIG. 10,
results of 1n vitro transcription by wild-type RNA polymerase
and Mccl23-resistant RNA Polymerase harboring the B
Thr9311le mutation (T9311) 1n the presence of increasing
concentrations of wild-type or mutant MccJ25%* are shown.
The results show that even mutants which are biologically
iactive, processed Mccl25 mutants (such as mutant
MccJ25"%) may still be able to bind to and inhibit in vitro the
wild-type RNA polymerase, as well as MccJ23-resistant
RINAP harboring mutations.
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-continued

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 2

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 2

Gly Gly Ser Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 3

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 3

Gly Gly Ala Gly His Ile Pro Glu Tyr Phe Val Gly Ile Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 4

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 4

Gly Gly Ala Gly His Phe Pro Glu Tyr Phe Val Gly Ile Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO b5

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: b5

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Ala Gly Ile Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

20

SEQ ID NO 6

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

20



<4 00>
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-continued

SEQUENCE: 6

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Trp Gly Ile Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 7

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE : 7

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Thr Ile Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 8

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 8

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Ser Ile Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO S

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 9

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Met Ile Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 10

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 10

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val His Ile Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

20

SEQ ID NO 11

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

22
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-continued

SEQUENCE: 11

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Leu Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 12

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 12

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ala Gly Thr Pro

1

5 10 15

Ile Ser Phe Tvyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 13

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 13

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Asn Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 14

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 14

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Arg Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 15

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 15

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Pro Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>

20

SEQ ID NO 1o

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

24
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-continued

OTHER INFORMATION: synthetic peptide

SEQUENCE: 16

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Thr Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 17

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 17

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly His Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 18

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 18

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Val Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 19

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 19

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Met Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 20

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 20

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Phe Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>

20

SEQ ID NO 21

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence

26
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 21

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Trp Gly Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 22

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 22

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Ser Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 23

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 23

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Thr Thr Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 24

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 24

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Phe Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 25

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 25

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Gly Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211l>
212>

20

SEQ ID NO 26
LENGTH: 21
TYPE: PRT

28



<213>
<220>
<223>

<4 00>
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29

-continued

ORGANISM: Artificial sequence
FEATURE:
OTHER INFORMATION: synthetic peptide

SEQUENCE: 26

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Leu Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 27

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 27

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly His Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 28

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 28

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Asn Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 29

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 29

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Ala Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 30

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 30

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Ile Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211l>

20

SEQ ID NO 31
LENGTH: 21

30



<212>
<213>
<220>
<223>
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31

-continued

TYPE: PRT
ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 31

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Trp Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 32

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 32

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Met Pro

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 33

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 33

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Thr Gln

1

5 10 15

Ile Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 34

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 34

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Thr Pro

1

5 10 15

Glu Ser Phe Tyr Gly

<210>
<211>
<212>
<213>
<220>
<223>

<4 00>

20

SEQ ID NO 35

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

SEQUENCE: 35

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Thr Pro

1

5 10 15

Val Ser Phe Tvr Gly

<210>

20

SEQ ID NO 36

32
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-contilnued
<211> LENGTH: 58
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic peptide
<400> SEQUENCE: 36
Met Ile Lys His Phe His Phe Asn Lys Leu Ser Ser Gly Lys Lys Asn
1 5 10 15
Asn Val Pro Ser Pro Ala Lys Gly Val Ile Gln Ile Lys Lys Ser Ala
20 25 30
Ser Gln Leu Thr Lys Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val
35 40 45
Gly Ile Gly Thr Pro Ile Ser Phe Tyr Gly
50 55
<210> SEQ ID NO 37
<211> LENGTH: 21
<212> TYPE: PRT
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 37
Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Thr Pro
1 5 10 15

Ile Ser Phe Phe Gly
20

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 38

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 38
Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Thr Pro

1 5 10 15

Ile Ser Phe Gly Gly
20

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 39

LENGTH: 21

TYPE: PRT

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: synthetic peptide

<400> SEQUENCE: 39

Gly Gly Ala Gly His Val Pro Glu Tyr Phe Val Gly Ile Gly Leu Pro

1 5 10 15
Ile Ser Phe Tyr Gly
20
What 1s claimed 1s: «o SEQ ID NO:4), [Ala, ] Mccl25 (SEQ ID NO:5), [Trp,,]

Mccl25 (SEQ ID NO:6), [Thr,,] Mccl25 (SEQ ID NO:7),
[Ser, ,] MccJ25 (SEQ ID NO:8), [Met, ,] MccJ25 (SEQ ID
NO:9), [His,,] MccJ25 (SEQ ID NO:10) [Leu,,] Mccl25
(SEQ ID NO:11), [Ala, ;] MccJ25 (SEQ ID NO:12), [Asn, ;]
65 MccJ25 (SEQ ID NO:13 [Arg, ,] Mccl25 (SEQ ID NO:14),

[Pro, ;] MccJ25 (SEQ ID NO:15), [Thr, ;] MccJ25 (SEQ ID
NO:16), [His, ;] MccJ25 (SEQ ID NO:17), [Val, ;] Mccl25

1. An analog of bacteriocidal peptide microcin J25
(Mccl25) that (1) has an amino acid sequence that differs
from that of MccJ25 by having at least one amino acid sub-
stitution; and (2) that mhibits bacterial cell growth with a
potency at least equal to that of Mccl25, wherein the analog,

1s selected from the group consisting of [Ser;] MccJ25 (SEQ
ID NO:2), [lleg] Mccl25 (SEQ ID NO:3), [Phes] Mccl25
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35

(SEQ ID NO:18), [Met, ;] McclJ25 (SEQ 1D NO:19), [Phe, 4]
Mccl25 (SEQ ID NO:20), [Trp, ;] Mccl25 (SEQ ID NO:21),
[Ser, ,] MccJ25 (SEQ ID NO:22), [Thr, ] Mccl25 (SEQ ID
NQO:23), [Phe, ] Mccl25 (SEQ ID NO:24), [Gly, <] Mccl25
(SEQ ID NO:25), [Leu, <] Mccl25 (SEQ ID NO:26), [His, <]
McclJ25 (SEQ ID NO:27), [Asn, ] Mccl25 (SEQ ID NO:28),
[Ala, ] McclJ25 (SEQ ID NO:29), [Ile,<] MccJ25 (SEQ ID
NO:30), [Trp, <] Mccl25 (SEQ ID NO:31), [Met, ] Mccl25
(SEQ ID NO:32), [Gln, 4] Mccl25 (SEQ ID NO:33), [Glu, -]
McclJ25 (SEQ ID NO:34), [Val, ;] Mccl25 (SEQ ID NO:35)
and combinations thereof.

2. The analog of claim 1, wherein the analog 1s selected

from the group consisting of [Leu,,] Mccl25 (SEQ ID
NO:11), [Ala, 5] Mccl25 (SEQ ID NO:12), [Asn, ;] Mccl25
(SEQ ID NO:13), [Arg, ;] MccJ25 (SEQ ID NO:14), [Pro, ;]
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Mccl25 (SEQ ID NO:15), [Thr, ;] Mccl25 (SEQ 1D NO:16),
and [His, ] Mccl25 (SEQ ID NO:17).

3. The analog of claim 1, wherein the analog 1s selected
from the group consisting of [Phe,] Mccl25 (SEQ ID
NO:24), [Gly, <] Mccl25 (SEQ ID NO:25), [Leu, <] Mccl25
(SEQ ID NO:26), [His, <] Mccl25 (SEQ ID NO:27), [Asn, <]
Mccl25 (SEQ ID NO:28), [Ala, <] MccJ25 (SEQ ID NO:29)
and [Ile, <] Mccl25 (SEQ ID NO:30).

4. The analog of claim 1, wherein the analog includes a
detectable group.

5. The analog of claim 4, wherein the detectable group 1s
selected from the group consisting of chromophores, fluoro-
phores, and cyanine dyes.

6. The analog of claim 4, wherein the detectable group 1s
located at a site of the amino acid substitution.

G o e = x
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